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Freedom will be an international

reseaich cented in space, and an

orbital base for future missions to

extend human presence out of Earth
shit and into the Solar System.
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INTRODUCTIC

hroughout the long sweep
of histony, the quest to push
back tronuers on Earth has
started with discovery and
evploration, followed by
settlement and economic
development. Indeed this is
how the length and breadth
of our country was devel-
oped. In a sense, thercetore,
Space Station Freedom
signals the early stage of our
permanent settlement n low-
carth orbit. Backed by over
three decades of scientitic
data gleaned by space
satellites and human space
voragers, this new interna-
uonal laboratory, anchored in
Earth orbit and inhabrted
and tended by humans, will
help us master and develop
the space frontier.

The United States is not
alone m s attempts to ame
space. Many nations see a
bright future n exploring
and exploiting the space
frontier tor world promi-
nence, national strength, and
commereial profit. Japanese,
German, and French indus-
tn -gorernnent teams are
currenthy formulaung space-
based programs in nucro-
gravity research and other
space senvices, including
remote sensing of Earth.
And since 1971 Soviet
cosmonauts have been
regularly departing to and
trom Earth to operate
stations in space, achieve-
ments that lead many evperts
to expect bolder Soviet
missions in the future,
perhaps a mission to Mars.

During the carly planning
vears, experts called a space
station the next logical step
tor America’s space program,
Today, that space station,
christened Freedom by
President Reagan in 1988, is
beconnng part of America’s
toothold on the future. If
America is to demonstrate

An artist’s view of an evolutionary
space station serving as a
“Spaceport” in low Earth orbit.

R L B




LS Sl AR A s RO S e R R P L R RS R SR S SR e ST A S SR e B T N TN s L




e

ERIC

Aruitoxt provided by Eic:

aggressive leadership in
space, we canmnot rest on our
laurels.  Space Station
Freedom will go far to
ensure our compentne edge
in space, and contribute to
American pride and prestige.

The ultimate purpose of
Space Station Freedom i to
sene as our rite of passage
mto the solar system, honing
our technical expertise and
vielding valuable experience
about living and working in a
nearly gravity-free medium,
By providing an evolunonan
base for expeditionan crews,
and storage tor hardw are,
propellants, and supplies,
Freedom will become a
gateway to the Moon and
the distant surface of Mars.

Research on Freedom will
spawn new scientific and
technical breakthroughs that
will contribute to our

ke ‘
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understanding of fundamen-
tal laws of nasure, to
Americ’s future economic
prosperity, and to the quality
of hfe on Earth for all human
kind.

The loss of Shuttle
Challenger and its crew
senved notice that proneering
the space frontier is not
without nisk. America,
however, must remain
steadfast i its aspiranions. By
assembhng a permanent
halatat above Earth, America
will find self conmvemently
anchored off-shore, ready to
sail for sull longer vovages
mto space. In this way we
will merease our storehouse
of knowledge, gain a new
perspective of Earth and the
universe, open New opportu-
nities for commercial benefit,
and nurture our spirit of
exploration.

5 i
R o .

Freedom will pravide an evolutionary base for expeditianary crews, a gateway tn the Moon.
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The Soviet Union’s "Mir” space station,orbiting Earth since February 1986, is
replete with a special docking port to enlarge the station aver its many years of
productive life in Space.
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America’s space program of today is
built upon a foundation of over 3
decades of pioneering achievement.
From the tentative steps of human
space exploration, to the first steps on
the Moon, to the Space Shuttle, the
Freedom Station symbolizes a
commitment to maintain leadership in
the exploration and utilization of
space. . - .

0zone concentrations in the Southern
Hemisphere as photographed by an
orbiting satellite. Sensors aboard
Freedom’s manned base and polar
platforms will study our globe from
space, probing the relationship
hetween human activity on Earth and
the planet’s delicate biosphere.

The distant surfaces of Mars.
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A NEW ERA
BEGINS

n the mid- 19901, a four
menmber crew will chimb out
of a Space Shuttle, pass
through an air lock, and
board $pace Station
Freedom. Satch housed
more than 320 kilometers
1200 mules) above Farth in a
pressurized enmvironment
approxmating that on Earth,
the astronauts will then
watch as their transport
vehicle s piloted away from
the Freedom station for
leentin.

For the niest 30 vears or
more, Space Station
Freedom will be permanently
occupred. Shppmg through
the harsh vacuum of space, it
will cirele the globe in a low-
mchnation orbit of 28.5
degrees to the equator, Over
ume, the drag of thin,
remnant atmosphere will pull
Freedom toward Earth, but
periodic bursts from onboard
thrusters will prod the facility
back into operatonal
alutude,

Inuide Freedom’™ pressur-
zed modules, every available
area will be in use, with
cetlig, wall, and floor space
Al designated for experi-
ments, storage, control
pancls, and clectrical power
connections. Of course,
without the persistent pull ot
aone-gravity force, there is
no up or down in space,
Freedom’s designers,
therefore, will use lighting,
comprrter displavs, controls,
and even airtlow to recreate
some of the up-and-down
feeling humans are used to
on Farth.

Crew members pass from a docked
Shuttle orbiler into Freedom's
habitation module through a
pressurized “resource node.”
Astronauts monitor docking from a
cupola mounted atop the node.
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Conducting Science in Space
Once asembh of
Freedom s complete, cight
crew members - the
conmander, operators,
parload speaalists, and
nsson scentsts from the
United Mates and space
partner countnes - will be
on board. Floatmg tiee
mside Freedom’s pressunized
niodules or tethered outade
toats truss, they will work as
mtegrated teams n 9 hour
shitts, 5 davs a week,
Outfitted with a dinverse
set of hardware and claborate
nstrumentation., Freedom
will be an upward | down
ward-, and mward looking
mternational research base, It
will be 2 siie tor conducting
bastc research m phyvsies,
chemistn, and life sciences,
tor processing materials, for
monmtormg karth’s fragale
environment, and for
developimg new technolo
zies Senaemng of attached
wstraments and reusable
spacecratt, and asembh and
ciechout of large stractures
will be performed at Space

Stavon Freedom, Ul
matehy, Freedom will be a
point of’ departure to inter-
planetany space,

Compley experiments will
be performed within
Freedom’s pressurized, shirt-
sleeve laboratories, providing,
many important clues to the
basic laws of physics that
govern the delicate interac-
tion between gravity, hu
mans, and materials, The
primary rescarch objectives of

the permanenth manned
facility are advances
materials scienee and hife
saenees. These are the
scientific areas that can most
benetit from Freedont™
evtensie wapabilities and
trom human supenision and
mteraction,

One mportant research
detiaty to be conducted
aboard Freedom will coneen

trate on the baste stractuie of

protean molecales, the
bunlding blocks of hite
Protem enstallography, a
technique to be mpleniented
wing devices in the TS
Liboraton module,1s a
relamels new and exeting
discpline that will be further
stimulated by space borne
cypermments. Cnstallogra
phy s a povertul way to
determune the three dimen
stonal structures of large
molecules. Knowledge of
stracture provides a key to
understanding the basi
micchanismes of lite. Many of
the molecules essental for
Iving mechanisms -espe
cially the protemns and
nuclee acids-- are ven large
molecules with extremely
complicated three dimen
sional stractwres. la deer

pher these structures,
onastallographers coas
biological molecules to
organize ssmetricallh into
«nvstals big enough to stud,
[hey bombard these molecu
Lar enstals wath X rans to
create diftractuion patterns,
which computers anal s,
Growang protesy enstals
vood enough to study s

covtreniely ditficult. Despree

temendous effori, research
ers have anstallized relanely
lew proteins successtully, and
mypericctions often mar the
rare large enstals grown
under normal crcumstances.
However, space experiments
suggest that Larger and more

i pericct enstals form in the

absence of gravity.

Previous evperiments have
demonstrated the teasibility
of growing lrge protein
¢natals m micrograsits
without the formation of
muitiple sceds, which
praduce numerous small
cnstallites that woald
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The U.S.-built
laboratory
module will
house hardware
designed to
conduct
malerials and
life sciences
investigations.
Equipment will
be similar to
devices found in
well-equipped
ground-based
labosatories.

Protein crystals.
like these...

may prove 1o be
cf major benefit
1o medical
technology.

9



preclude study by X-ray
diffraction techniques.
Protein crystals grown
aboard Freedom will be large
enough, and of sufticient
quality, to be studied by
conventional ervstallography.
Once their three-dimensional
molecular structure has been
determuned, these new
products may be synthesized
on karth through bioengi-
neermg techniques, and stepss
can bie taken to alter, en-
hance, or climinate the
protein effects in the human
body. There are potenual
applications to the treatment
of human discases and
disorders, and to organ
transplants and implants.
Other fundamental arcas
of investigation to be
evplored within Freedom’s
laboratory module include
propertics of pure metals,
scgregation cffects i alloy
solidification, the microstruc-
ture of castings, nucleation
and growth phenomena in
the absence of container-wall
cffects, and the process of
rapid solidificanon of highly
undercooled melts. For
example, the formation of
dendrites—whisker-like
growths similar to structures
tound in snow flakes—may be
studied in detail. Dendritic
growth is an important
feature of solidification, with
implications for the strength
of castings. The high
vacuum of space also may be
uttlized in metallurgical
studies. In combination with
containerless processing, a ’ , g . .
vacuum system ofters unique e B RS
()pp()nuniucs to stud.\' metal Ablmy to perform materials SCiEI:ICES invesligalions, similar to L.
those performed here bg B;ron Lichtenberg on the Spacelah 1 mission, will be
y

punticanon and the basie dramatically enhanced by Space Station Freedom.
propertics of ultrapure or

high corrosive materials.
The understanding of
room-temperature and
cryvogenic fluid behavior is
2 key to microgravity re-
scarch generally, since nearly
all marerials are processed
in their fluid state. Specitic
experiments performed
aboard Freedom could
examine processes and
phenomena related to
droplet and bubble dynam- 1 3
ics, phase transitions, capil '
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Right: Spacelab 3 pa'{load specialist

Taylor Wang manipulates sphere ina
device which served as a forerunner

to a containerless processing facility
being developed for Freedon.

Below: Life sciences investigations,
like this heart-monitoring
echocardiograph being connected by
Dr. Rhea Seddon to Jeffrey Hoffman
during a Shuttle mission, will study
the effect of microgravity on plant,
animal and human organisms.

lary processes, forced multi-
phase flows, nucleation and
cluster phenomena, and
clectrohyvdrodynamic eftects.
Additional fundamental
rescarch will provide im-
provements in measurements
of thermophysical properties
and furnish data relevant to a
wide varicty of applications,
including liquid propellant
storage and transfer, micro-
encapsulation of biomedical
matcrials, meteorology, and
the study of planctary
interiors.

Space Station Freedom
will give rescarchers a
powertul facility for conduct-
ing research in the micro-
gravity sciences.  Micrograv-
ity research presents oppor-
tunitics for fundamental
rescarch advances, some of
which could have landmark
impacts on science and
technology. Six microgravity
facilities planned for Free-
dom Suation’s laboratory
module are:

Biotechnology Facility
1o study the microgravity
~fF~~ts on biological pro-

cesses and living organisms
at the cellular level. This
facility would permit a
detailed study of the
response of various cells to
microgravity under carefully
controlled conditions.

Advanced Protein
Crystal Growth Facility to
grow high-quality crystals, to
obtain the highest degree of
long range order in the
crvstalline lattice, which
determines the precision with
which X-rav crvstallographers
can determine the structures
of these compley biologically
active molecules.

Modular Containerless
Processing Facility to
provide basic support for a
wide range of experiments
that require the positioning
and manipulation of samples
without physical contact.
Acoustic, clectromagnetic
and clectrostatic fields will
provide the forces to ma-
nipulate the sample. Experi-
ments to bg performed in
this facility will range from
tests of theories that describe

the behavior of liquid drops
to the processing ot molten
materials at high tempera
tures.

Space Station Furnace
Facility for study of =ctal
and alloy solidification and
crystal growth with applica
tions to electronic devices
and development of matenals
with unique or improved
propertics.

Modular Combustion
Facility to study fundamen
tal combustion processes and
phenomena and provide data
for comoustion-related
applications such as fire
safety and control and
advanced fumaces.

Fluid Physics/Dynamics
Facility to provide a better
understanding of fundamen-
tal fluid behavior which is
essential to developing
processes that take full
advantage of the microgra-
ity environment.

Equally important are
detailed studies in lite
sciences. Life on Earth, from
microbe to man, has been
shaped by gravitational forces
in ways that are only now
beginning to be revealed by
space mvestigations,  Previ-
Ol space missions have
confirmed a complen interac-
tion bemween gravin and life,
but these have been too
limited or constrained to
permit authoritative biologi-
cal research. Space Station
Freedom—oftering con-
trolled examination of a
variety of species in long-
duration microgravity under
the skilled supervision of a
resident crew-—will present
rescarch opportunitics
unparalleled in the histon of
lite sciences.

Freedom? laboratory
module will permit extraordr-
nary advances in biology.
Variable-gravity research
conducted aboard Freedom
will seek to advance our
knowledge of fundamental
biological processes. A
major objective of this

14
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Given Freea,

am’s vantage point, experiments can

be carried out to observe

Earth’s solid surface, atmosphere, oceans and ice deposits.

research i+ a deeper under-
standing of the relationship
between gravity and life, as
revealed through sy nergistic
eyperimentation across a
site of species ranging trom
sngle-cell organisms to
human beings.

In the area of space
physiology, researchers will
esploit the ambient micro-
gravity environment, to-
gether with the variable
graviny produced by specially
designed research centri-
tuges, to examimne the
physiological effects ot
gravny on mammalian
svstems, especially human
svstems. Experments will
tocus on the mechansms by
which gravin influences
tone and muscle, flud and
hydrostatic systems, onenta
uen m space, homeostatic
control, and response to
emaronment. Data gleaned
trom these experiments will
help litt the veil of mysten
surrounding human adapta-
tion to space tlight, a
necessary teat before extend-
ing the human presence

.

turther into the solar swtem,
and are expected to have
wide-rangirg clinical applica-
tions on Earth, such as in the
treatment of bone-degrading
discases such as osteoporonis.

Graviny plavs a key role m
the development of most, it
not ali, biological systems,
The opportuniny to examine
nlicroorganisms, plants, and
animal species throughout
multiple lite cveles in g
microgravity environment is
unprecedented in the history
of brology.  Experiments will
tocus on identifiing the
organ or site of gravity
reception; deternunmg the
etfect of graviny on reproduc-
tion, development and
maturation. and mvestugating
physiologieal responses. In
narticular, this program will
sponsor scentitic studies of
lite vom and raised beyond
Earth. Research in this ficld
mav have pracucal applica-
tons for computer scientists.
The discovery that graviny-
sensing cells in mammals also
act as parallel processors
gives scientists a simple

—

device to study. Experiment-
ers now hope to produce a
dynamic model of a
mammal’s neural network,
which could be used as a
model to design machines
capable of aruticial intelli-
gence.

Expenimental modeling of
£a5-gram mteracuons can
also be carried out n

5 - .

Mockup of 1.8 meter centrifuge for life
sciences investigations.
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Freedom’™s laboratories, with
applications to the origin of
lite, particularly the cosmic
history of organic molecules
tfrom the formation of
biogenic elements to their
incorporation into living
organisms.

Rescarch on Freedom will
promote the development of
a bioregenerative life-support

Making use of the Freedom—its crew
and high sensitive instruments—
Earth’s star, the Sun, can be
continuously observed. Dynamic Sun-
Earth relationships, studied from the
Station, may yield valuable clues
about the etfects of solar phenomena

Q farth,
ERIC

Aruitoxt provided by Eic:

technology tor use within the | denred study of the ongin

spacecraft. This sesearch will
investigate the use of plants
and microorganisms to
perform in space the same
tunctions performed on
Earth—production of
oaygen, potable water, and
food trom biological wastes.
One of the practical beretits
of designing agricultural
systeims for use 1 space is
that it could contribute to
developing new inensive
farming practices in extreme
convironiments on Earth. The
design of small, etticient
plant growth chambers may
also have practical value in
urban arcas, in regions where
growing conditions are not
right for a particular crop, or
in eatreme environments
such as the Antarctic or
deserts. And, aside from it
importance in tood produc-
tion, closed ecological life
MIPPOrT system research may
provide a model of other
closed environments, such as
modern insulated houses,
where plants could act as
natural *serubbers™ to
remoze dir pollutants.,

Freedom’s expansine
horizontal truss will provide
attachment points for
payloads designed to study
the Earth and its environ-
ment, the sun, other badies
in the solar swstem and
cosmic objeets. Attachment
to Freedom Station offers a
number of advantages,
including provision of
cleetrical power, conumunica
tions and some pointing
capabilities furnished by
Freedom itself] together with
opportunitices for resupply of
consumables and instrument
exchange by Freedom’s
resident crew.

NASA has already identi-
fied many promising candi-
date payloads that can
benetit from Freedom's
orbit, configuration and
operation. One exciting
eaperiment under study is
Astromag, which would use a
powerful superconducting
magnet for unravelling
aspects of mysterious cosmice
rays and begin an unprece-

;
Wb

and evolution of matter in
the galasy by direct sampling
of galactic material. The

. experiment will produce a
© magnetic ticld one thowsand

times the strength ot Barth's
magnetic ticld. To achieve
its superconductivity, the
device will be cooled n
hquid helium brought up
the Shuttle and resupplied
periodically by Freedom’s

. crew,

Freedom will alvo support
crvobiology and solar ststem

- rescarch. Freedom provides

!

an unprecedented opportu-
nity to collect intact trag-
ments of interplanctan dust
particles, the “tosils™ of carly
solar sistem development,
and possibly interstellar
particles tor post-tliglit
anahsis. For example, a
Cosmic Dust Collector,
attached to Freedom’™ truss,
will snag the finely divided
solid matter—a substance
that may ofter clues to the
origin of the universe. A
high-resolution, Astrometric
Telescope Facility, designed
to peer deep into the sur
rounding universe with
superior pointing accuracy,
may alo be mounted to
Freedom's trame. This
device will look tor planets
around other stars.

We are just beginning 1o
appreciate the compley and
highh volatile Sun-Earth
relationships,  Equipment
firted ounside Freedonr’s
pressurized modules, such as
the Solar Terrestrial Obsena-
ton, promises to advance our
understanding of volar
features and properties and
of the ¢bb and flow of
clectrical plasma, the solar
wind cast off from the Sun
before interacting with
Farth. Other prospective
attached payloads incfude a
Large Arca Modular Array of
Retlectors for suneys of
cosimic X-ray sources at low
resolution and high sensitiv
ity, and a Pinhole Occulter
Facility for mapping of solar
X-rays.

Although the manned
base is only a few hundred

0
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miles above sea level, it is
similar in many ways to a
remote laboratory i the
Arctic. In both case,
TrANAPOFTALION aCTOSS an
eypanse of space hinuts
laboraton aceess to a select
number of researchers
tramed to pertorm on te
studies far from most of their
counterparts.

Nevertheless, through a
process called “telescience,™
saentists on the ground will
be able to meeract with therr
c\periments and the crew
on-board Freedom and with
colleagues dispersed on Earth
by neworking through voice
communication, computer
data links, and other com-
munications technologies.

In this way, many ongoing
research acuvities on Earth
can be integrated with
research aboard the Freedom
Station. No doubt there will
be moments both in space
and on Earth when nothing
more than a touch of
serendipity sparks e riosity,
eyvploration, and discovery.

Earth Observing System
in Space

There 15 now strong
cvidence tor global changes
m the Earth’s atmosphere,
oceans, and land surfaces,
caused n part by human
industrial and agncultural
actnaty. The extent and
long-term character of these
global trends have generated
worldwide concern and led
to the mitlanion of interna-
nonal research programs to
imvestigate their causes and
CONSCUENCLs.

Space technology will play
akev role m future Earth
observing systens designed
to study global change. The
United States will provide
leadership in this area by
providing, as part of the
Freedom program, the first
polar-orbiting platform to
become part of the Earth
Observing System (Eos).
The U.S. platform is schied-
uled to be the first of two
U.S. plattorms for Eos.
Adduional pladforms planned
by ESA and Japan will

o

Above: ESA payload specialist Dr. Ulf
Merbold, shown here, was a crew
member on Spacelab 1. Scientists
from the U.S. and other nations see
the Freedom as a nexus to innovation
and creativity.

complement the Eos mis-
sions of the United States
platforms and may cam out
other investigations.
Instruments on Freedom’s
US.-built platform will be
designed primarily 1o study
the Earth's surface and
atmosphere. Other instru-
ments, proposed for place-
ment on the manned base,
would measure tropical
rainfall extent and intensity
in the tropics, gather aceu-
rate wind measurcments
using advanced laser tech-
niques, and perform low-
latitude surveys of the Earth’s
surface under a wide variety
of illumination conditions.

NASA will encourage private sector
participation in space research aboard
the Freedom. Charlie Walker, a
McDonnell Douglas engineer, flew on
several Shuttle flights in support of
his company’s Continuous Flow
Electrophoresis System.




one developed by Boeing Aerospace
for launch aboard the Space Shuttle,
will be flown on the Freedom.
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Csystai-growth experiments, like this

A New Commercial
Environment

Experiments aboard
Apollo, Skylab, the Space
Shuttle, and Spacelab oftered
tantalizing glimpses of ways
to use space to create entirely
new classes of products and
stimulate major advances in
ground-based production
techniques. In consequence,
a cadre of private conipanies
is planning to use Freedom’s
manned base and platforms,
all secking a return from
space-engendered research
and development. In
addition, cooperative
govemment-industry -
academic efforts are contem-
plated for Freedom, increas-
ing the bank of science and
technical data that keeps
American industry competi-
tive and aggressive and
nourishes the free enterprise
system.

In the low gravity of
space, tor example, materials
can be manipulated threugh
processes impossible on
Earth. One U.S. company is
drawing on results of aca-
demic and industrial research
carried aboard previous space
flights to develop hardware
for cultivating crystals in
space. By minimizing the
effects of gravity, and thereby
decreasing, the nuraber and
distribution of defects,
crvstals can be grown that are
larger and more uniform
than their Earth-grown
counterparts. These larger,
purer crystals could mean
faster and more powerful
computers, data processors,
and special sensors.

Small quantities of some
experimental space-produced
pharmaceuticals will be made
in space with the resulting
knowledge applied to
ground-based production
methods. Ultrapure, bubble-
free glass for use in optical
instruments, collagen fibers
to replace injured human
connective tissues, and heat-
resistant ceramics for a wide
range of high-temperature
applications — all are
candidate materials that may
be enhanced by harnessing

microgravity & a new tool
tor basic and applied 1esearch
in space.

And in a role similar to
that of'a research laboraton
on Earth, Freedom™ manned
base and its associated free-
flving plattorms can be
utilized to add intormation
to an eisting data base.
Other privately funded work
in Earth remote-sensing,
communications rescarch
and development, and
industrial senices is antici-
pated.

The hard-nosed business
community is looking at the
commercialization of space
with guarded optimism.
This is to be expected since,
for the most part, business is
attuned to expecting short-
term profit from short-term
investment. No one knows
how this business philosophy
will be extended into space.

In this regard it is instruc-
tive to look at what other
nations are doing. In Japan,
Germany, and France, for
evample, industry-govern-
ment teams are formulating
broadly based programs in
microgravity rescarch and
other space senvices, such as
remote sensing of the karth.
Teams of Soviet cosmonauts
in their Mir space station
already have processed the
first industrial specimens of
semiconductor materials in
orbit. A stated Soviet goal
tor 1990 is to acquire large
quantitics of made-in-space
semiconductor material for
app'ication in super-high-
speed and super-large
integrated circuits for
infrared and laser technol-
ogy; dedicated modules for
carning out this work are to
be docked to the Mir.

Thus, as other nations cast
an eve toward commercializ-
ing the vast potential of
space, U.S. companics must
take care not to be lett
behind at the launch pad.
Althougli the risks for quick
return on investments in
space are high, the long-term
payoft tor opening the
economic frontier of space
may be substantial.
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LIVING IN \ L
SPAGE “

he cozy common areas inside
Freedom®s habitation
module feature a wide
selection of out-of-rhus-world
amemties. One end has areas
for quict-time and personal
acmaties At the opposite
end 1s an area for socalizing
[hrough a nearby window
the crew wan obsene the
carthscape fleeting by, with a
SUIISCT OF SULIMISE OLCurrmg,
cren 45 minutes.

Between the two living,
areas are the waste manage-
ment and personal hy giene
facihues. Simple tasks hike
washing hands are greatly
compounded in the micro
gravits world of space. Crew
members therefore will wash
their hands in cylindrical
plastic bubbles outfitted with
holes rimimed with cuffs. A
shower stall provides a
combination of flowing air
and warm water to take oft a
day’s accumulated grit and
grime, A combination
washer-dryer for clothing is
currently under design.

An environmental-conerol
and lite-support system will
provide the crew with a
breathable atmosphere,
supply water for drinking,
bathing, and food prepara-
o0, renmoy e contamiinants
from the air, and process
bological wastes. The
svstem wilt be partially
Josad, thus poroutting water
and carbon dioude to be
rceonered and processed o
provide ovy gen, potable
water, and hygiene water for
the crew’s reuse.

Dinmg under the stars
takes on new meaning,
aboard Freedom. A table , y
and the proper restraining / /
devices accommodate all the /
crew. With a refrigerator-
freezer, a microwave, and

Habifation module will include
exercise equipment to maintain

cardiovascular fitness, and work I /}
) control stations, o
ERIC -
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comentional vven on board,
meals will be a far en trom
the tood squeesed out of
toothpaste-like tubes during
space flights in the 1960,
NASA dicticians, theretore,
are putting together a vastly
evpanded menu drawing on
frozen entrees, refrigerated
items, stable shelf foods, and
arvariens of beverages. For a
change of pace, ethnic toods
will be senved; a surprise
birthday cake can even be
whipped up in the galley.
After the meal 1s tinished, a
compactor will crush trash,
including disposable cooking
and cating utensils, nto
manageable sizes for storage
and later transter to Earth.

Staying Healthy in Space

“Is there a doctor n the
house?™ When vou're far
removed from Earth, the
quen takes on new meaning.
No longer required to pump
blood against the pull of
graviey, muscles atroply and
the heart gets lazy i space.
Weightlessness cane ilso cause
temporan moton sichiess
with accompanying disorien
tanon. In flights Lasung,
longer than a month, a
significant percentage of red
blood cells are destroved, a
torm of space aneniia not vet
understood.  Sickness and
disease are casily spread in
close quarters; potential
bouts with injury, psycho-
logical trauma, exhaustion,
and depression must also be
anticipated.

To maintain physical
titness each crew member
will go through two 45-
minute, individualized
exercise programs a day
using, the treadmills and
stationary bicveles in the
habitation module. In
addition, a Health Mainte-
nance Facility (FIMF) in the
module will serve as an on-
board sick bav. There, illness
or minor injuries can be
treated, or a more seriously
injured crew member can be
stabilized.

A compact package of
diagnostic and therapeutic
medical hardware neatly

i

tuched mnto 15 cubic meters
153 cubic teet, of space and
waighing a modest 545
kilograms (1,200 pounds),
the HME holds a mucro-
scope, clinteal chemustries
analyzer, radiographic
imager, and hematology
laboratory device. Also in
this clectronic doctor’s bag
A A patent restraint system
and tools for performing,
nmunor surgery and dental
procedures and administer-
ing anesthesia A data
display screen is available for
reading the various instru-
ments. A computerized data
base, tied to the HMF and
downlinked to a consultant
network of physicians,
ensures speedy aceess by
ground-based doctors to
integrated medical mforma-
tion.

Because there won't be
room aboard Freedom tor an
extensive ibrary of medical
refureace books, researchers
at the Johnson Space Center
are developing a medical
operations data base tor use
aboard the manned base.
Rescarchers at the Unnversin
of Flonda, under contract to
NASA, also are developing a
microcomputer-based
medical decision support
svstem that can present a
smiall library of essential
medical knowledge to
medical personnel on
Freedom Station. Aside
from its use in space, such a
computerized medical library
could ultimately be put on
laser disks and be made
available to physicians in any
office with a personal
computer.

Privacy in Space

Each astronaut will be
assigned a sound-prooted
compartnent measuring
about 4.2 cubic meters (150
cubic teet), which the
astronaut can decorate
according to his or her taste.
In this nook, a little larger
than a train berth, will be a
TV set, a video playback
unit, and stereo system;
telephone and video links
will permit private conversa-

91

Multi-purpose activity table where
crews will eat, work and relax is
shown in module mockup at MSFC.
Observation windows and video
monitors will be located throughout
Freedom’s modules.




Freedom’s crew members will have
individualized compariments located
in the habitation module. Each of the
?rivate rooms will be outfitted with a

V set, stereo system and possibly a
computer terminal for entertainment
and work. Crew members will sleep
in a bag hung vertically on the wall.
luntes; ot Boeng Ae-0siace,

Exercise programs include use of a
treadmill to avoid deconditioning of
the cardiovascular system during
extended slaYs in space. Here,

astronaut Gulon Bluford runs on a
freadmill during a 1983 Shuttle flight.
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Mockup of the Health Maintenance
Facility at JSC. This electronic
version of a doctor’s bag will help
maintain the health and safety of the
Station’s crew.

Y A 2~

To suprlemem the Station's on-board
safety features, NASA is examining

concepts, such as the one shown pere,
for an emergency crew return vehicle.

':'..
Vo

Earth observation window, shown here
in habitation module mockup at JSC,
would provide an ideal perspective of
the world as well as possible view of
exterior activities.

-~

A .. -
Washing hands in microgravity will be
aided by this device now in
development. Located in Freedom's
galley area, the clam-shell type
device also permits the scrubbing of

ULENSIlS. o, wromrghersns,

Mockup ot Freedom’s galley, or
kitchen, tn JSC mockup of hahitation
module.

N
&

tions with fanulics and
fricnds back on Larth. The
private guarters will also be
equipped with a computer
termina! that e astronaut
can use for entertainmment,
report writing, ot sumply
updating a daily log.

A sleeping bag hung,
vertically on a wall will senve
as the astronaut’s bed. Once
the astionaat Junbs into the
bag to go toddeep clase
(AR NS R ST ",
uipaiting the fedhing of a
body ing horizontallh on a

bed.

Safety in Space

Lhe concepr o satc haven
is mcorpotated in Frecdom's
design Speaal arcum
stances — a fire or eaplosion
within a module, a microme
teorite, or a chunk of space
debns sliang through the
Freedom® hull — could
place crew members in
jeopardy. At keast two
separate parts of the faahty,
therefore, will be designated
as spots where erew members
wan pathar to assoss an
emergeney and then take
appropriate action.

At present, NASA i
exaniining ways to Jdeal with
emargencies abodard rocdom
that do not fall witlun the
capabilitics of safety designs
or the saft haven philosophy,
such as an eatended down
time for the Shuttle, on a
medical emagend, onboard
that cannot be treated m the
HMF

Onur the et fon aeadly,
NASA will exanmine the use
of Crew Emergency Return
Vehicles (CERVs), as well as
alternatives for human
transportation to and from
Freedom. Under the CERV
concept, a spacecraft would
always be located at the
manied base to evacuate
crew members on a
moment’s notice and return
them safely to Earth. A
Space Shuttle, or some other
type of manned vehicle that
could be launched when
needed, 18 also bemg exam-
ined.

19
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or hundreds of vears the idea
of an orbiting fcility in space
has fucled the antasies of
writers, scientists, and
engineers, Not until the
great burst ol scientific
actnaty marking the turn of
the 20th century, however,
did the first trulv thoughttul,
provocative concepts for a
SPace station emerge.
Penned mostly by scientists
and engineers, not one
postulated a station in space
asan end in itself.

Instead, the visionaries
SAW space stations as senving
enduring purposes: enlarging
our understanding of the
cosmos, servieing Earth, and
providing a way station to
worlds bevond. In Russia,
- saientist Konstantin ‘i
a olkovsky clearly spelled out
the possibility of orbital
stations forming the heart of
a program of space conquest
that would eventually lead to
“cities in space.™ To this day,
Soviet evploits have kept
alne Tsiolkovsky™s assertion
that “the planet 1s the cradle
of mankind, but one ¢cannot
spend one’s lite in a cradle.™

. The Space Era is Launched
On Qctober 4, 1957,
when the Soviet's Spuenil |

rumbled skyward to give
birth to the Space Age, the
stuff of science fiction moved
a notch closer to becoming
scrence tact. With the
creation of the National
Acronautics and Space
Administration in 1958,
American c¢ivilian space
planning etforts were central-
12¢d, and the United States
. set out to become the lead
space-farng nation in the

The Apollo program achieved the goal
of fanding a man on the Moon and

. returning him sately to Earth, Twelve
‘ men walked on the Moon during
Apollo. One of the last to visit the
Moon was Apollo 17 scientist-
astronaut Harrison Schmitt shown
here next to a deployed U.S. llaF. The
Earth, 240,000 miles away, is visible
in the background.
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Astronaut Edward White conducts the
first American space walk June 1965
during a Geminl IV mission,
Rendexvous and docking technigues,
mandalory for the Apc!lo lunar landing
efforl, were developed during the
Gemini program.
world. One sear later, an that is, usng a space staton | led to an atternative approach
embn onic space mdustn, a astaging base tor a tfhght tor the Apollo program., a
coupled with NASA, began to the Moon, As an added take off from kanth to be
design studies of & manned bonus, the station was to tollowed by a2 lunar orbit
space laboratony, soon o remain in plice ater the rendesvous, with one
become popularly known as | lunar landing. Within 10 astronaut orbiting the 7 son
Jspace stanon, VEARS, CVEY MAJor new a two others landed on the
program being proposed for | Moon and explored it
The Challenge of Apollo space was dependent on a
On Mav 25, 1vol, space statton. The Legacy of Skylab
President Joha k. Kennedy Numerous designs were Skilab was the first
Launched the Apollo pro offered. They ranged from Ameniaan experimental space
gram, calling on the nation veny farge stations placed in station to be bult. Furaish-
to “commit itself to achiey orbit by giant bousters to ing a wealth of experience
ing the goal, before this intlatable balloon like between 1973 and 1974,
decade is out, of binding a structures, retrofitted rocket | Skvlab achieved its funda-
man on the Moon and stages, aned cannisters mental objectit e, to deter-
returning, him sateh to arrangzd in 2 spoke contigu mne human abulity to adapt
Larth.” ration that were then spun to | to prolonged weightlesness,
Kennedy's cail abo create artificial gravity inside. | Over 270 muludisciphnary
galvanized strong supporn for Eventually, limited funds | mvesugations conducted by
an Earth-orbit rendesvous, and the President’s deadline | Skvlab also provided un-
l a
o o
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precedented solar obsena
tions, Farth resource studies,
and tests of space manufag-
turing technigues,

Far removed from the
versatile Station now under
way, this modest orbital
workshop was actually a
comverted, lett-over, Saturn
V' third stage used to launch
the Apollo astronauts to the
Moon. Astronmauts were
flonn to and trom the
91 wul-kilogram ¢ 100 ton
orbiting laboratory, the size
of 1 three-room house, ina
small Apollo spacecratt, a
transportation system limited
to single up-and-down trips,
To this day, Skvlab’s dimen-
stons, which encompassed
353 cubic meters (12,700

Aruitoxt provided by Eic:

Driginal Mercury astronauts were announced on May 8, 1961. Left to right:
Donald Slaylon, Walter Schirra, Gordon Cocper, Scott Carpenter, Virgil Grissom.
John Glenn and Alan Shepard.

~ o

Dr. Wernher von Braun contemplated use of Iar?e space statlons In the 1950's to
support exploratory treks to the Moon and to help send off spaceships to Mars.

An Atlas booster roars off its Florida launch pad carrying Scott Carpenter on

Mercury-Atlas 9. The Mercury program opened wide the doors to space
exploration by humans.
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cubic feet) of work arca
along its 35-meter (117-
foot) length, exceed those of
any U.S. or Soviet manned
spacecraft.

Skylab was not designed
to support a permanent
human presence in Earth
orbit. During its lifetime,
three separate teams of three
astronauts cach took up
residence on Skylab for a
total of 171 days, 13 hours,
and 14 minutes, and took
nine space walks totalling 41
hours, 46 minutes. They
demonstrated that spending
up to 84 davs in space
presented minimal physical
or psychological problems.
They also found that scien-
tist-astronauts could function
almost normally in a micro-
gravity environment, work-
mg in tandem with ground
scientists and performing
major assembly and repair
tasks.

The Next Logical Step

Subsequently, the inaugu-
ral flights of the Space
Shuttle program showed that
large structures could be
built in space, with the
Shuttle capable of ferrving
the supplics and crew
between Earth-orbit and
Earth. Together with the
Apollo and Skvlab triumphs,
all these space accomplish
ments gave credence to the
words of America’s rocket
pioneer, Robert W. Goddard:
“Real progress is not a leap
in the dark, but a succession
of logical steps.”

On January 25, 1984, in
his State-of-the-Union
message, President Ronald
Reagan commitred the
nation to building and
inhabiting a space station.
Reagan foresaw the space
station as one way to stimu-
late quantum leaps in
sciciive, communications,
and the development of new
metals and pharmaceuticals.
He also appealed to the best
of our collective instincts,
using the occasion to invite
our allies to “help us meet
these challenges and share in
the benetits” posed by a

Manned ascess to space came of age with the reusabie Space Shuttle. At the

end of the Apollo program, NASA pianners proposed developing the Shuttle and
the Freedom as a matched pair, providing the necessary infrastructure to carry
out ambitious manned and unmanned missions in the next century.

space station.  This interna-
tional invitation opened the
way for other nations to
share in the exciting scien-
tific, technical, and commer-
cially profizable enterprises
that lie ahead.

NASA thereupon estab-
lished internal task force
teams, along with teams
from major NASA contrac-
tors, to define the basic
architecture of a space
station. The first major
studics fed 1o several key
decisions:

° A space station can be
used as both a technological
research center and a scien
tific laboratory.

* A space station can be

e
.4

adapted to a wide array of
space operations and mis-
sions, some foreseeable and
others yet unknown.

° Reusable space trans-
portation, such as the Space
Shuttle, provides the essen-
tial means for trucking parts
of a space station into space,
and for rotating its crews and
supplies.

¢ With a Space Shuttle in
operation, we have a way to
construct and add on to a
space station in stages.

Power Towers and Dual Keels
One of the first good
candidates for a space station
configuration that could
evolve over time came to be
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Skylab was America’s firstspace
station. Launched in 1973, the
laboratory was visited by three
separate teams of 3-man astronaut
crews. Skylab supported solar and
Earth investigations, materials
processing experiments and proved
humans could efficiently work and live
in space for extended periods of time.
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Tap: Astronauts will assemble the
Freedom over the course of 20
separate Shuttle flights. Assembly
concepts were demonstrated usin
experiments called EASE and ACCESS,
which were assembled in space by
Shuttle astronauts.

Above: In response to user needs, the
dual keel configuration was adopted.
It provided a better microgravity
environment, structural stiffness and
structure for attached payloads.

Astronauls Ed Gibson and Gerald Carr
demonstrate weightless environment
of space during Skylab mission.

known as the “power tower.™
Its name matched its look: a
girder 136 meters (450 feet)
long that would circke the
globe in a gravity-gradient
attitude.  Pressurized labora-
tory modules, service sheds.
and docking ports were to be
placed on the end always
pointing downward; instru-
ments for celestial observa-
tion would be mounted
skyward, and the solar power
arrays were to be mounted
on a perpendicular boom,
halfway up the tower.

After intensive review, the
power tower was supplanted
by a double truss, rectangu-
lar-shaped arrangement that
shortened the height of the
space station to 91 meters
(300 feet). This “dual-keel™
design made for a stronger
frame, thus better dampen-
ing the oscillations expected
during operations. The
design also would move the
laboratory modules to the
station’s center of gravigy to
alfow public and private-
sector scientists and materi-
als-processing researchers to
work near the quality
microgravity zone in the
station. Finally, the dual keel
offered a far larger area ftor
positioning facilities, attach-
ing pavloads, and storing
supplies and parts.

A number of designs were evalnated
before selecting the configuration of
today. Among them, shown here, was
the power tower.
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BUILDING

A WAY STATICN
1C WORLES
BEYOND

o maintain tight control over
costs, engineers are taking an
evolutionany approach to
building Space Station
Freedom. The baseline
program includes the U.S.
clements, international
components, and two
unmanned platforms. The
nent phase will bring in
additional capabilitics.
Obseners on the ground will
witness the construction of
Freedom as it grows from a
smatl to a brilliant dot
crossing the mght sky,

The heart of Freedom’s
manned base will be a
horizontal boom structure,
154 meters {508 feet) long,
Four special-purpose mod-
ules — two ULS., one
European, and one Japanese
- will subsequently be
attached to the boom art
midpoint. Each module will
have an atmosphere nearly
identical to Earth’s: 80
percent nitrogen and 20
percent oaygen keprt at sea-
level pressure. In these
modules, eight men and
women will superintend the
space complex, perform
evperiments, maintain
equipment, handle repairs,
eat, sleep, and relax.

It will take 20 Shuttle
trips over 3 vears to as-
semble, outfit, and logisti-
cally support the manned
base. Assembiv of Space
Station Freedom in orbit will
be a challenge of enormous
proportions, however the
task will blaze the trail for
ambitious missions in the
future which will require on-
orbit assembly, test, checkout
and operation. Where
possible, flight clements will

Freedem baseline configuration.

X - e
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Canada’s contribution te Freedom, the Mobile Servicing System, is essential in assembly, maintenance and servicing of
Frezdom’s systems and payloads. - -, «u oo o mv e wenane

be tit checked on the ground
before they are carried into
orbit aboard the Shurule.
High-fidelity mockups and
clectronic simulators will be
used to ensure the compati-
bility of elements that cannot
be tested on the ground.

The first Shuttle flight
carrving clements of Space
Station Freedom will be
launched into orbit about
1995 from the Kennedy
Space Center in Florida, It
will consist of a collection of
linkable struts made of
strong, vet lightweight
composite material, one set
of solar arrays and the
necessary electronic compo-
nents to make it capable of
operating as a tully-function-
ing, independent spacecrati
after the Shuttle has returned
to Earth. During the flight,
an Astronaut construction
team will picee the trusses
together in Tinker-Tov
tashion, and then deposit the
assembled structure in space.

Other basic clements of
Freedom, such as airlocks,
the pressurized modules,

s .

control systems, and remain-
ing solar panels, will then be
tercied up on subsequent
flights. Once Freedom has
been permanently oceupied,
logistues modules will be
interchanged at regular
intenvals, approximarely every
other Shuttle flight, until the
assembly task has been
completed. These modules
will serve as a delivery system
and holding area for experi-
ments, equipment, tood,
supplies, and propellants and
other critical items needed to
sustain Freedom and its crew.
Two polar platforms, one
developed by the United
States and the other by the
European Space Agency, will
also be boosted into orbit in
the mud-1990s. The U.S.
platform will be launched
trom the Vandenberg
Western Test Range in
Calitornia; the ESA platform
will be lotted by France’s
Ariane rocket from Korou,
French Guiana. The plat-
forms will circle Earth from
pole to pole. One will ily
over the equator at the same

31

MILESTONE FLIGHTS

ASSEMBLY CDMPLETE

Computer-drawn images of major
milestones during the assembly of the
Space Station Freedom.
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imenior concepi of the iaboratory moduies where Freedom s crews wili work.
Crew members are shown working 6n @ modular experiment rack, MonNdOnNY
expeniment status at a worksiancn, and instaiiing brosogica: sampies (1o the
floor-mounted centrifuge. . . o aome. e

rear. : .-

D

Intentor c~ncept of the habitation modute. Gatley and hygiene faciuties are 1n
forward end of the module, while indiwidual crew compartments are toward the

items tothe Station. - -

RSN PR

local time, moming and
night, and the other will
cross the equator at another
local time, aftemoon and
night. Data collected by
instruments aboard
Freedom®s unmanned Earth
obseners will enable scien
tists to study the intricate
interaction of the oceans,
land masses and atmosphere,
and solar phenomena on cur
planet’s environment.

During the carly stages of
assembly, a U.S. made Flight
Telerobotic System will aid
in the construction of the
manned base. A Canadian
built Mobile Servicing
Gyeram (MSS), cquipped
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Logistics modules will be used to bring experiments, supplies and penishable

with « manipulator arm, will
also be installed to assist in
Freedom’s assembly. The
MSS is based on expertise
acquired in creating Cana
darm, the versatile robot arm
used eatensively in U S.
Space Shuttle missions. The
MSS's robot arm will
perform jobs controlled from
work stations situated both
inside and outside Freedom’s
pressurized modules. This
arm will reduce the need for
space walks, and eventually
help deploy, dock, and
redeploy avisiting Shuttle
orbiter, assemble, retrieve,
and transport pavloads
around the Freedom station,

and position astronauts for
access o 1ts various parts.
Mounted atop a NASA built
flatcar, to be developed m a
future phase of the Freedom
program, the MSS will be
able to move along
Freedom’s eatensive truss
structure.

Two of the pressurized
modules that will be attached
to the horizontal boom are
being supplied by the United
States. One will sene as a
laboraton, the other as a
Inmg arca. Each module
will be taken up mdividually
nto space mside the
Shuttle’s cargo bay. Astro
nauts, assisted by the ma
mpulator arm, will remove
the modules from the Shuttle
and sceeure them i thar
propar locations on the
Freedom stanon’s trusswork.

LEach U.S. module is
nearly 13.6 meters (45 feet)
long and about 4.5 meters
115 feetyan diameter. Larh
in the assembly sequence, the
laboraton module will be
positioned on Freedon’s
supporting frame. With this

Lo
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Growth phase of the Space Station
Freedom, as currently envisioned by
NASA, includes upper and lower keel
structures, solar dynamic power
system, a servicing bay and a co-
orbiting unmanned platiorm (not
shown). . .-« we v o

The U.S. polar-orbiting umanned
platform is an integrai part of the
Freedom program. The Iree fiyei w w
carry a vanely of Earth observauen.
instruments as pait of an exieasive
program to study the Earth as a
system. - .. .. .

Clese-up artist s concept of a Shuttie
orbiter docked to the Freedom.
Canadian robot arm is Shown on
mobile base. Sky-viewing
instruments are mounted an a pallet-
structure situated on the upper face of
the Station’s truss

R PR P R

first module in place, astio
nauts can start equipping the
laboraton to warn out
cyperiments while the
Shuttle is docked, periods
which could extend from two
weeks to a month. A Space
Shattle will deposit the
habitation module at the
orbiting construction site
several flights later. With the
addition of the forward
nodes and logistics module,
Freedom will be ready for
permanent oceupation.

The Japanese and Euro-
pean modules, shightly
smaller than their American
counterparts, are scheduled
to arrve, respectively, after
Freedom s permancently
staed. The Japanese
Expenmental Module (JEM,)
will accommodate scientific
and echnologieal develop
ment research, mcludimg
MILTOEIav Iy axperiments. A
space-eaposed dedk will hold
aranety of experiments that
can be rcached by a manipu
lator arm. The JEM will
melude a detachable, experi-
ment logisties module that
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would hold consumable
goods, experimental speci-
mens, and various kinds of
gases tor the Japanese
Experiment Module. This
logastics cannister can be
hauled into orbit aboard the
Shuttle, o1 by a Japanese
evpendable launch vehicle
which will be operanonal by
the mid-1990s.

ESA’s design for a perma-
nently attached laboratory
modulc *s based on Spacelab,
its contribution to the Space
Shuttle program. Spacelab
has successtully flown several
umes n the cargo bay of'a
Space Shuttle. Denved from
that design, the ESA module
will consist of four cylindneal
segments forming a pressur-
ized module. Oncce it is per-
manently attached, the ESA
laboratory module will
become a rescarch site for
crews to pertorm experi-
ments in the physics of
fluids, life sciences, and
matcrials rescarch. At that
point, the basic foundaton
tor living, working, and
studying aboard Space
Station Freedom will be in
place,

ESA is also developing, as
part of its contribution to
Space Station Freedom, a
Man-Tended Free Flyer
{ MTFF) to be made up of
o Spacelab segments and a
resource module that holds
supplies. The MTFF will
function independently of
the manned base.

As a self-contained
auromatic Laboratory circling
Earth, this spacecraft could
produce space-grown crystals
and other specialized materi-
als in an undisturbed envi-
ronment. Exchanging the
harvest of MTFE-produced
products with raw stock
would be handled by
Freedom’s crew, Space
Shuttle astronauts, or the
crew of the European space
plane Hermes, now under
development.

Freedom’s crew members
will move berween the
various modules through
four interconnecting re-
source nodes, or sets of
pressurized cylinders. The

) Y/ }

Mockup of cupola, which will give astronauts a panoramic view for scientific and
operational observations. .co.ws, »wzcow. sz

...+ | Detailed model of the Japanese
Experiment Module. The JEM features
a pressurized laboratory module,
exposed workdeck and robot arm.

The smaller module on top is an
experiment logistics module.

“ o
v

The Shuttle, as it might appear
preparing to dock with the Fresdom,
provides the means to incrementally
construct the facility, resupply it and
rotate its onboard researchers.

Freedom resource nodes will connect the habitat and laboratory modules.

Touy MDAy sacy
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nodes are spacious and
outfitted with command-
stations, control-work
stations, and other hardware.
The torward nodes will
contain the primary and
backup docking ports for
Shuttle orbiters.

Two nodes are fitted with
airlocks through which
astronauts can leave for work
outside Frecdom’s pressur-
ized modules. The forward
nodes are sure to be a
favorite lookout point. With
two windowed cupolas, one
looking toward Earth and ¢
the other looking outward to
space, they offer on-top-of-
the-world sightsecing at its
best. The panoramic view of
all space above and below
the manned base will permit
astronauts to monitor an
incoming Shuttle, guide
robot arms performing
external payload assembly or
maintenance tasks, conduct
scientific observations, and
observe fellow crew members
on EVAs.

Electric power for
Freedom’s manned base will

@ from arrays of soiar

ERIC

Aruitoxt provided by Eic:

ESA is providing several elements to
the Freedom program, including a
nermanently-attached latioratory
module like the one shown here.

VIR RN

Amst s concept of Freedom baseline
configuration. . -

cells, which are deploved
from the power modules
located on the ends of the
horizontal boom. ‘The four
outstretched solar arrays at
cach end of the boom
contain a total of about a
half acre of solar cells. The
solar arrays provide all the
power needs during the
sunlit portions of an orbit.
In addition, they provide
clectric power to charge
batteries which then provide
all the power needs during,
the dark portions of cach
orbit. Together, the solar
arravs and batteries will be
able to provide 75,000 watts
of electricity, enough to
power about 25 all-clectric
homes on Earth. The largest
cleetric power level required
in space to date, it will
support all the housckeeping
loads as well as the power
needs of scientific equip-
ment, computers, communi-
cations equipment, and
equipment such as materials-
processing furnaces.

Regular visits to Freedom
by the Space Shuttle will
bring new crew members,

[R]
L)

visiting, scientists and a
logistics module, loaded with
new supplies, to exchange
with the logistics module
already in place. To turther
sustain the Freedom station
with new supplies and
experiments, unmanned
rockets, possibly including
Japanese or European
boosters, may also be
conmissioned.

Recently, with their space
laboratory Mir, the Soviets
have shoan that humans can
live and work in space for
almost a vear without the
benefit of artificial gravity.
NASA plans to have the crewn
members serve tours of duty
on Freedom that will
gradually expand from 90 to
180 days as more is learned
about the physiological
effects of prolonged weight-
lessness.

Space Station Freedom,
which NASA and its partners
will assemble in space, will be
much mose than a collection
of Earth-circling girders and
cvlinders housing hard-
working astronauts and
scientists. It is alvo a com-
mitment to the bold pursuit
of sci titic knowledge,
technological prowess, and
new commerce — all ingre-
dients essential to meeting
the demands and opportuni-
ties of the 21st century.
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MECHANICS

he impact of a permanenth
ovcupied space station will
be felt trom s abihny 1o
support the seneng off
screntific plattorms and
satelhtes m space. Yhe first
on orbit repair took place m
1972 duning the Skylab
program  Eiyen more
“abitioas msaons have been
accomplished from the
Shuttle. The Leasat commu-
mcations satellite and the
saentitic Sun watcher, Solar
Max were also repared
orbat and put back o
senice,

As a result, new genera-
tions of spacecraft are beng
built speatically for space
tune-up and changeout.
Carnmg cntical, replaceable
hardware, they include the
great obsen atories — the
Hubble Space Telescope, the
Gamma Rav Obsen arony, the
Advanced N-Ray Astrophys-
1es Facility, and the Space
Intrared Telescope Facility —
all expensive eves on the
unnerse being readied for
operation over extended
litetimes.

In time, astronauts
controllmg, a Freedom-based
unmanned robotic tugboat,
called an Orbital Mancuver-
mg Vehicle (OMV), will be
able to retrieve spaceeraft
trom over a thousand miles
anay. Once the spacecraft is
retneved, a space-suited crew
will replenish fuels and vital
hquids, and overhaul, add to,
and adjust equipment on the
spaceeraft. Space assets
which may benetit from this
capability range fron
saentific instruments naed to
Freedom’s trusswork, to
unmanned materials process-
mg platforms orbiting within
range of the manned base, to
the large astronomical

Attist’s concept of the Hubble Space
Telescope after deployment from the
Shuttle. The HST, as well as other
large astronomic facilities, are
candidates for on-orbit servicing
supported by Freedom.
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The mulli armed Flight Telerobotic Servicer will be used o assist asironauls in the assembly of Freedam, and will heip
maintain scientific instruments located an the complex.

obsenatories planned for
development in the coming
decade.

It o small component
tetched trom a disabled
spaceeratt requares detaled
work, astronauts will carm it
nto one ot Freedom’s
laboraton: modules via an
arlock. Then, in the com
tort o' a shirt sleeve atmos
phete, a arew member sitting
at a work bench will solder,
test, or changeout printed
cireuit boards, “The versatile
OMV will then propel the
overhauled spacecratt back
nto orbit,

Freedon’s erew will also
be able to perform repairs in
space, positioning themselves
and the satellites they are
sanvicing in limitless orienta
tions, Indeed, with appro
priate tools and restraints,
human beings can sometimes
work as effectively in space as
on Earth. Special spacesuits,
€asy to maintain on board
the Freedom station, are
therefore being designed to

N

endure from 2000 1o 3000
hours of extravehicular
activity 1 EVA Y a vaar, ten
tumes longer than all EVAs
conducted to date. Onee
mside the lagh pressure suit,
an astronatt can move m and
out of space rapidly without
the time consunimg pic
breathing sesson currently
required to nid the blood
stream of nitrogen when
shittng trom a lhigh to a
low prossure anitonment,

Supplementing Human
ingenuity

Automation and robotie
apphcations can provide
reliabality, preasion, and a
tircless capaaty to perform
routine, repetitine, and
somctimes high risk tashs,
Past space evplots, however,
show that human ingenwity
is necessary to evaluate a

situation, develop a course of

action, and implement a
plan. Often such human
intervention has made the
differenee between the failure

£} ™
dt

High-pressure space suils, such as

this one, are under study for use on

Freedom where EVAs will be a routine

practice. The Zero Prebreath Suit

allows astronauts to avoid extensive

derressurizallon period required when
oing out in space with current
huttfe-based suits.




and success of 2 mission.

In 1984, Congress
directed NASA 1o study the
job of melding human and
machine proficiencey in the
service of the national space
cffort. The congressional
directive has begun to
produce evciting results.
While sull a far erv from
those lovable science fiction
robots, C3PO and R2 D2,
the Flight Telerobotic
System (FTS 1, has becomie
an integral part of the
Freedom program. 'the
space robot ¢an be ¢on
trolled by an operator on the
Freedom station or on the
ground. Tt will ultimately
have the work capabilinn of'a
space-suited astronaut and
will help in the on orbit
assembly and maintenance of
the manned base, thus
minimizing the amount of
human extravchicular activity
and the rsk imvolved.

Advaneed telerobats,
cquipped with sophisticated.

4 . . . . .
NSRS LT k N | tinger like manipulators
Maintenance and repair of Earth-orbiting satellites has been demonstsated on approaching human denter
Shullt:f lll?hls.I slu?hlas the Solglr Max Jepalrlnlllsslon. meim r#ll als'o bgl iy, would be able to pertorm
capable of maintalning, upgrading and repalring space assets, thus extending T I L
thelr value and productivity. such sensitive, specialized

tasks as senvicing parts of
Freedom or refueling a
spaceeraft. Advances in
computer vision with voiee
cominand links will also
Alow robots to sene as “go
fer.” Think tor yourself
automatons avo are expeeted
to come out of XA
automation and robotres
programs.

Other carly goals nlude
automating the guidange.
control, and nmavgauon
functions. Study 15 abo
undervay on lessqng the
astronauts’ workload by
using artificial intelligence
{AD) to control and monior
temperature and clectrieal
power distribution, wamn of
potential hardware tailure,
and keep imentories of tools,
equipment, clothes, and
food. Spacebomne Al tech
aology could also network
many of these jobs so they
: _ ' talk to cach other; by making
L i - - 5 S , usce ()ft\_pg:ﬂ systems, they

can also infer, reason, learn,

An Orbital Maneuvering Vehicle prepares to dock with the HST. Inthe distance Is | and act appropriately.
@ 1anced configuration for Freedom where maintenance will be performed. .

ERIC

¢« 30

Robots, like the FTS, will perform hlgh-risk tasks like satellite repair, shown
here, or spacecrafi refueling, under remote control of Freedom'« crew members.

J A N S

-
v
w
o




Q

ERIC

Aruitoxt provided by Eic:

EVOLVING
WITH
VERSATILITY

reliminan work aboard
Freedom s evpected 1o
stimulate sull more uses.
Space Staton Freedom,
theretore, is bemng attuned to
a philosophn of adaptabilin
and change. Its design, for
avample, features “hooks and
sears,™ electronic and
mechanical mtertaces that
allow Freedom’s designers to
evpand capability, In this
way, new and upgraded
components, such as com
puter hardware, data man
agement software, and poveer
swstens, can be installed
castly. The coneept is similar
to buyving a home prewired
tor eventual hookup to a TV
cable svstem even though the
cable company has not vet
reached vour area.

Adding On

Engmeers have also
blueprinted a configuration
tor expanding Freedom that
builds on the mitial strue
mre  In thus advanced
version, two 103 meter
340 toot)y long vertical
spmes will conneet with the
horizontal cross boom. With
a near rectangular shape
comparable 1 size 1o g
tootball ficld, the frame will
be much stitfer and abo
allow ample room for a bevy
of new payloads,

On the upper beam, for
waample, cosnue ray evpen
ments, solar and astrometric
telescopes and related
detectors, solar eell and
spacecraft materials, and
coating studies can be
eyposed to the environs of
space. To boost electricity
levels, a pair of solar dynamie
generators featuring retleet-
ing mirrors can abo be

A Freedom-based Orbital Transfer
Vehicle could be assembled, serviced
and fueled at the comgplex. The 0TV
could propel astronauts and hardware
fo high Earth arbits or exploratory
targets. The umbrella-like structure is
used for aerobraking.
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attached to the structure
Collecunyg heat trom the
mtense ravs of the Sun,
parabolic mirror segments
will focus this energy on a
fluid which then drives a
turbine engine that generates
clectricity, supplementing
Freedom’s power by another
50,000 watts.

Also envisioned as part of
the enhanced Freedom are
uimanned co-orbiting
plattorms. Such platforms
couid be equipped with large
anennas that scan the
universe for radio chatter
from distant communitics.
Or, they might focus on
astrophysics research, solar
obsen ation, or a wide variety
of Earth-oriented or astro-
nomical endeavors.

A large servicing bay, 60
meters (200 feet) long and
nearly 30 meters (100 feet)
across, to house an entire
“great observatony” space-
craft, also is planned on the
enhanced Freedom. Once an
observatory is parked inside
the cavernous hangar,
astronauts cownd easily align,
clean, and even recoat
astronomical mstruments mn a
pressurized environment,
leaving therr cumbersome
spacenalking stits on the
rack.

Another evolutionary path
for Space Station Freedom
calls for added reliance on
automation and robotics,
porticularly for building
sizable structures in Earth
orbit. Such space structures
will be able to accommodate
large cargoes of equipment,
fucl, and other materials that
can perpetuate Freedom’s
growth and use.

Other growth scenarios
might include attached
modules to hold plants
grown in space as part of a
closed ccological life-support
study, or which senve as a
quarantine area for studying
precious samples of comets
or Martian soil brought to
Freedom by robotic space-
craft. A module could also
become a biomedical study
center assigned the duty of
d:veloping and evaluating

Rocikeldyne, NASA’s contractar for the
Station’s power system, has
developed a functioning prololype of
the solar dynamic power system
which is expected to furnish additional
power for the Station in the future.

Future unmanned spacecraft,
designed for on-orbit servicing from
the Freedom, include the Advanced
X-Ray Astronomy Facility and

the Space Infrared Telescope Facility.
These spacecraft would be placed in
an orbit near the Station where crews
can periodically exchange and update
scientific instruments.
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The enkanced configuration for the
Freedom features added structure,
additional power, and a servicing bay.
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With an eye toward future self-sufficiency on the Moon or Mars, a potential
future module could serve as a space garden, as shown in this artist's concept.
Robots would tend the garden which would supply food for the astronauts.
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Astrometric Telescope Facility, which would search for pianetary systems
around other stars, could operate as an attaci:ed Savioad on Freedom's upper

keel.

countermeastres to the
ctlects of micrograviny on
humans.

Branching Out

NASA calls it “branching™
— a Freedom-based activity
so fruitful that it can branch
off into its own facility. A
common branching concept
calls for a human-tended
facility where made-in-space
products, such as rare metals,
glasses, and electronic
material, can be processed in
an absolutely vibration-free
environment. This research
base could even lead to
another branching financed
by a high-tech industry that
wants its own production
facility in space.

As little as scientsts know
about human adaptation to
microgravity, evei less is
known about the long-term
citects of exposure to the
one-siath gravity of the
Moon or the one-third
gravity of Mars. One
suggestion, therefore, is to

devdlop a faciliny, capable of
simulating different artificial
gravity conditions, using
Freedom™s components. The
facility would consist of a
module connected to a
counterweight at the end of a
long tether. Capable of
rotating at different rates,
thereby vielding, ditterent
artificial conditions, this free-
flving variable gravity
research facility could lead to
new 